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합성가스 (Synthesis Gas) ?
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기존 가스화 기반의 연료 및 화학원료 활용 개념도
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합성가스의 화학원료 이용 Route

DMM : Di-Methoxy Methane

MF : Methylformate

DMC : Di-Methyl Carbonate

MEG : Mono Ethylene Glycol



Solar(태양열) Syngas 변환의 개념
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가스화 반응 진행에 요구되는 고온과 산소를 Solar 열원으로 대체하는 개념.

- 원료 자체 일부 소모
- 외부 열원 공급
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산소제조 설비 개선/대체 필요성

- 고가 설비, 대규모 전기 소모 설비
- IGCC 플랜트 경우, ASU 건설비가 전체건설비의 20% 차지. 전기 10-15% 소모

Source: Dave McCarthy, “ASU / IGCC Integration Strategies,” Gasification Technologies Conference 2009, Colorado Springs, CO, 5 Oct. 2009.



Solar-assisted methanol plant

Solar-assisted ammonia plant

Source: Irving Spiewak, Craig E. Tyner, Ulrich Langnickel, 

“Applications of Solar Reforming Technology,” SANDIA 

REPORT SAND93-1959 UC-237, Nov. 1993.



Source: Alexis T. Bell, “New Feed stocks for the Chemical Industry”, University of California, Berkeley. 

Solar(태양광) Syngas 변환



Solar CO2-to-Fuel 개념

CO2 CO + O2

Source: http://www.physorg.com/news96107693.html



Solar Steam Gasifier 개념 Example

Source: E.D. Gordillo, A. Belghit, “A downdraft high temperature steam-only solar gasifier of biomass char: A modeling study,” Biomass & 

Bioenergy, 35, 2034-2043 (2011).



Source: Nicolas Piatkowski, Christian Wieckert, Aldo Steinfeld, “Experimental investigation of a packed-bed solar reactor for the steam-gasification 

of carbonaceous feedstocks,” Fuel Processing Technology 90 (2009) 360–366.

Solar Steam Gasifier 개념 Example



Source: A. Z’Graggena, A. Steinfelda, “Hydrogen production by steam-gasification of carbonaceous materials using concentrated solar energy –

V. Reactor modeling, optimization, and scale-up,” Int. J. of Hydrogen Energy, 33, 5484-5492 (2008).

Solar Steam Gasifier 개념 Example



Source: Peter G. Loutzenhiser, Anton Meier and Aldo Steinfeld, “Review of the Two-Step H2O/CO2-Splitting Solar Thermochemical Cycle Based 

on Zn/ZnO Redox Reactions,” Materials 2010, 3, 4922-4938.

Chemical Looping 반응기 개념 적용 Case



혁신 개념의 Solar Gasoline

1) Fusion-Triggered Fission

2) Solar Gasoline

3) Quantum Photovoltaics

4) Heat Engines

5) Shock-Wave Auto Engine

6) Magnetic Air Conditioners

7) Clean(er) Coal – Ionic Liquids

(2011. 5월호)



(Sandia National Lab. 개념)
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Source: Alexis T. Bell, “New Feed stocks for the Chemical Industry”, University of California, Berkeley. 



Fig. 1 Schematic of the solar reactor for the two-step, solar-driven thermochemical 

production of fuels.

W C Chueh et al. Science 2010;330:1797-1801

Solar Thermal Energy

(Compound Parabolic Concentrator)



The reactor was designed by solar technology specialist Aldo Steinfeld of ETH, the Swiss Federal Institute of 

Technology, Zurich; materials scientist Sossina M. Haile of California Institute of Technology; and coworkers (Science,

DOI: 10.1126/science.1197834). It uses concentrated solar energy to thermochemically dissociate CO2 and H2O via 

cerium oxide redox reactions to produce CO and H2, respectively, with O2 as a by-product. CO and H2 form syngas, 

which can be processed to generate methanol, gasoline, and other liquid fuels.

Source: Chueh WC, Falter C, Abbott M, Scipio D, Furler P, Haile SM, Steinfeld A. High-Flux Solar-Driven Thermochemical

Dissociation of CO2 and H2O using Nonstoichiometric Ceria. Science, 24 December 2010: Vol. 330 no. 6012, pp. 1797-1801.

The reactor’s solar-to-syngas energy conversion efficiency,

experimentally measured with a 2-kW prototype, is 0.7 to 

0.8%, which Steinfeld says is significantly higher than those 

of current photocatalytic methods for CO2 dissociation. 

A thermodynamic analysis indicates that efficiencies of 16% 

or more are achievable with the new reactor.
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Fig. 2 Thermochemical cycling of ceria (325 g) using the solar reactor with (A) CO2 and (B) 

H2O as oxidant.

W C Chueh et al. Science 2010;330:1797-1801



Fig. 4 O2 (black) and H2 (red) evolution rates for 500 water-splitting cycles.

W C Chueh et al. Science 2010;330:1797-1801



요 약

 The ultimate source of H2 for the Chemical Process 
Industry is H2O

 The ultimate source of C may be atmospheric CO2

태양에너지 집광, 촉매, 재료 분야에서 혁신기술 개발이 필요

 2030년 이후 태양에너지가 재생가능에너지의 가장 핵심이고
대량 보급이 유력

장기간 집중된 노력과 학제간 융합이 필요한 대상 기술분야

대학과 국가 출연기관에서 혁신적 기술개발 노력이 필요한
분야

혁신적 기술은 아직 없지만, 기타 기반 기술은 국내에 충분히
보유

Source: Alexis T. Bell, “New Feed stocks for the Chemical Industry”, University of California, Berkeley. 


